
































4HE  SPECI½C  OPTICAL  ELECTRONIC  AND  MAGNETIC  PROPERTIES 








4HE CLASSICAL 4URKEVICH METHOD  ;=  INVOLVES  REDUCTION OF AN 
AQUEOUS (!U#L SOLUTION BY TRISODIUM CITRATE #ITRATE INITIALLY 
ACTS  AS  A  REDUCING  AGENT  FOR  !U)))	  RESPECTIVELY  !U)	  TO 
REDUCE  THEM  TO  !U	  AND  LATER  AS  THE  STABILIZING  AGENT 
BY  FORMING  AN  ELECTRICALLY  CHARGED  ADSORPTION  LAYER  ON  THE 
GOLD  NANOPARTICLES  SURFACE  )N  ORDER  TO  OBTAIN  PARTICLES  OF 
PREDICTABLE  SIZE  EG  BETWEEN    AND    NM	  THE  RATIO 
BETWEEN  THE  REAGENTS WAS  VARIED  ;=  AND  TANNIC  ACID WAS 
ADDED WHICH IS BELIEVED TO REDUCE THE GOLD PARTICLE SIZE ;= 
$IFFERENT  REDUCING  AGENTS  WERE  ALSO  USED  4HE  ½NDINGS 
SHOW  THAT  THE  GREATER  THE  POWER  AND  CONCENTRATION  OF 
THE  REDUCING  AGENT  GENERALLY  THE  SMALLER  THE  RESULTANT 





THE  TWOPHASE  "RUST3CHIFFRIN  METHOD  ;=  USUALLY  INVOLVE 
ORGANIC  SOLVENTS  ;=  $IFFERENT  THIOLCOORDINATED  FUNCTIONAL 
GROUPS SUCH AS THIOPRONIN GLUTATHIONE SUCCINIC ACID SULFONIC 
ACID HAVE BEEN USED AS CAPPING AGENTS  FOR THESE PARTICLES 
2ECENTLY  IT  IS  SHOWN  THAT  AMINES  CAN  ALSO  STABILIZE  NEARLY 
COVALENTLY  GOLD  NANOPARTICLES  IN  AQUEOUS  SOLUTIONS  AND 
AMINECAPPED NANOPARTICLES CAN BE DRIED AND THE OBTAINED 







IN  THE  ORDER  OF    FROM  THE  WAVELENGTH  OF  THE  INCIDENT 
LIGHT  ;=  4HESE  OPTICAL  PROPERTIES  OF  NANOPARTICLES  CAN  BE 










&OR  COATED  GOLD  NANOPARTICLES  THE  CHARACTERISTICS  OF  THE 
SURFACE  COATING  LAYER  IS  ALSO  IMPORTANT  IE  ITS  DIELECTRIC 
'OLD "ULLETIN    
'OLD "ULLETIN    
)N  THE  NEXT  REPORT  WE  STUDY  THE  IN¾UENCE  OF  GOLD 
NANOPARTICLES  AUTOASSEMBLED  AS  AN  INTERFACIAL  ½LM  ON 








;=  !  À - (!U#L  SOLUTION   M,	 WAS  RE¾UXED WITH 
MAGNETIC  STIRRING  4HEN    M,  À  -  TRISODIUM  CITRATE 




























































































  'OLD COLLOID  PROTEIN               
  SOLUTION 6OLUME RATIO	
  LMAX NM	            
'OLD "ULLETIN    
WW	  WAS  STIRRED  VIGOROUSLY  AND  RE¾UXED  4O  THE  BOILING 
SOLUTION  MG TRISODIUM CITRATE .A#(/À(/	 SOLVED 
IN  A  MINIMUM  AMOUNT  OF  WATER  WAS  ADDED  !FTER  COLOUR 
CHANGE TO REDDISH THE HEAT WAS TURNED OFF AND THE SOLUTION 
WAS  ALLOWED  TO  COOL  OVERNIGHT  TO  ROOM  TEMPERATURE  4HE 
GOLD CONTENT IN THE ½NAL SOL IS  MG,  
3AMPLE    4HE  SAMPLE    WAS  PREPARED  AS  DESCRIBED 






HIGH  PURITY  ABOVE  	  4HE  TRISODIUM  CITRATE  DIHYDRATE 
.A#(/À(/	  WAS  OBTAINED  FROM  3IGMA  !LDRICH  HIGH 
PURITY ABOVE  	 !LL CHEMICALS WERE USED WITHOUT FURTHER 
PURI½CATION
!LL  SOLUTIONS  WERE  MADE  WITH  ULTRA  PURE  WATER  WITH 
RESISTIVITY OF AT LEAST  -OHMÀCM AND THE SURFACE TENSION AT 
THE INTERFACE WITH AIR OF  M. M AT o# ;=  
!LL  RESULTING  SOLUTIONS  OF  COLLOIDAL  GOLD  PARTICLES  WERE 
STORED IN BROWN BOTTLES AND KEPT AT o# 
4HE PROTEIN USED IS THE MAJOR STORAGE PROTEIN FROM ALEURONE 
CELLS  OF  BARLEY  (ORDEUM VULGARE  ,	  EXTRACTED  AND PURI½ED 
AS SHOWN ELSEWHERE ;=  )N ORDER TO STUDY THE  IN¾UENCE OF 
MAJOR ALEURONE PROTEIN THE PROTEIN WAS PREVIOUSLY DISSOLVED 







AND  OF  THE  PROTEIN  SOLUTIONS  WERE  RECORDED  USING  A  *ASCO 









4HE  VISIBLE  ABSORPTION  SPECTRA  OF  THE  THREE  SAMPLES  OF 
GOLD  AQUEOUS  COLLOIDAL  SOLUTIONS  ARE  SHOWN  IN  &IGURE  A 
4HE  SOLUTIONS  PRESENT  WELLDE½NED  ABSORPTION  MAXIMA  AT 
WAVELENGTHS  LMAX  OF    NM  SAMPLE  	    NM  SAMPLE 
	  AND    NM  SAMPLE  	  RESPECTIVELY  4ABLE  	  4HESE 
VALUES  ARE  CHARACTERISTIC  FOR  PLASMON  302	  ABSORBANCE  FOR 
NANOMETRIC  !U  PARTICLES  4HE  SHOULDER  OBSERVED  AT  HIGHER 
WAVELENGTH FOR SAMPLE  CAN BE ASCRIBED TO AN AGGREGATION 
OF  THE  NANOPARTICLES  4HE WAVELENGTH WAS  NOT  SIGNI½CANTLY 
MODI½ED DURING AT LEAST ONE MONTH AFTER PREPARATION THUS 
SUGGESTING THE STABILITY OF THE COLLOIDAL SOLUTIONS
!DDING  DILUTED  PROTEIN  SOLUTIONS        AND 
  MG,	  MODI½ES  ONLY  SLIGHTLY  THE  ABSORPTION  SPECTRUM 
FOR  ALL  THE  THREE  GOLD  COLLOIDAL  SOLUTIONS  WHILE  WITH  THE 
CONCENTRATED SOLUTION  MG,	 THERE IS AN IMPORTANT SHIFT 




























4HE  SIZE  OF  GOLD  NANOPARTICLES  IN  COLLOIDAL  SOLUTIONS  HAS 








&ROM  SIZES  OF  A  GREAT  NUMBER  OF  PARTICLES  MEASURED 
ON  THE  4%-  IMAGES  THE  AVERAGE  SIZE  DIAMETER	  AND  THE 
STANDARD DEVIATION WERE CALCULATED 4HESE VALUES ARE  







WITH  THE  OPTICAL  SPECTRA  GIVEN  IN  &IGURE  A  NAMELY 
THE  ABSORPTION  MAXIMA  ARE  SHIFTED  TOWARDS  HIGHER 
WAVELENGTHS  WITH  INCREASING  SIZE  OF  THE  PARTICLES  WHILE 
THE  WIDTH  OF  THE  ABSORPTION  BAND  IS  CORRELATED  WITH  THE 
POLYDISPERSION OF THE SYSTEM IE WITH THE STANDARD DEVIATION 
OF THE PARTICLE SIZES
4HE  PRESENCE  OF  PROTEIN  ON  THE  GOLD  NANOPARTICLES 
DEPOSITED  ON  4%-  GRIDS  MODI½ES  DRAMATICALLY  THE  4%- 
IMAGES  !DDING  THE  PROTEIN  LEADS  TO  THE  AGGLUTINATION  OF 
THE  GOLD  NANOPARTICLES  &IGURE  A  THE  CASE  OF  THE  SAMPLE 




SOLUTIONS  OF  GOLD  NANOPARTICLES  IN  THE  PRESENCE  OF  PROTEIN 
SINCE  ONLY  A  SLIGHT  BROADENING  OF  THE  ABSORPTION  BAND  IS 
OBSERVED &IGURE B	
4HE  MAJOR  ALEURONE  PROTEIN  IS  RELATED  TO  3  GLOBULINS 
PRESENT  IN OTHER CEREALS AND TO THE VICILINTYPE 3 GLOBULINS 
OF  LEGUMES  AND  COTTON  SEED  )T  CONTAINS    SUBUNITS  OF 
ABOUT    AND  K$A MOLECULAR WEIGHTS ;=4HE .
TERMINAL  SEQUENCE OF  AMINO ACIDS  IN  THE PROTEIN  ;=  IS 
GIVEN AS  FOLLOWS GLUTAMIC ACID GLUTAMINE GLYCINE ASPARTIC 
ACID  SERINE  ARGININE  ARGININE  PROLINE  TYROSINE  VALINE 





NOT  IDENTI½ED  4HE  SECONDARY  STRUCTURE  OF  THIS  PROTEIN WAS 
RECENTLY INVESTIGATED BY ADVANCED SPECTROSCOPY ; =
!S CAN BE SEEN  FROM THE PROTEIN  STRUCTURE  THREE ARGININE 
RESIDUES ARE PRESENT  IN THE .TERMINAL AMINO ACID SEQUENCE 
!LSO A SIGNI½CANT PERCENT OF ARGININE 	 AND LYSINE 	 
RESIDUES  ARE  FOUND  IN  THE  AMINO  ACID  COMPOSITION OF  BARLEY 
ALEURONE PROTEIN ;= 4HE SIDE AMINE GROUPS OF ARGININE AND 
LYSINE IDENTITIES PRESUMABLY CORRESPOND TO PROTONATED AMINE 









  3AMPLE  'OLD CONTENT  LMAX ABS  !VERAGE SIZE  3$%6  %XTREME VALUES  !TOMS  PARTICLE  0ARTICLES
    ;MG,=  ;NM=  ;NM=  ;NM=  ;NM=  AVERAGE	   PER CM
             ¯   À  À
             ¯   À  À







"ESIDES  THIS  ELECTROSTATIC  INTERACTION  MECHANISM  BY 
SALT  BRIDGES  BETWEEN  POSITIVELY  CHARGED  ALEURONE  PROTEIN 
MOLECULES  AND  NEGATIVELY  CHARGED  GOLD  NANOPARTICLES 
THE  HYDROPHOBIC  INTERACTIONS  AMONG  PROTEIN  MOLECULES 
WITHIN  THE  PROTEIN  LAYER  ADSORBED  ON  THE  SURFACE  OF 
GOLD  NANOPARTICLES  SHOULD  BE  TAKEN  INTO  CONSIDERATION 
&URTHERMORE A DIRECT BINDING OF SIDE AMINE GROUPS OF LYSINE 
AND  ARGININE  IDENTITIES  POSITIVELY  CHARGED  OF  THE  ALEURONE 
PROTEIN  WITH  THE  GOLD  NANOPARTICLES  SURFACE  NEGATIVELY 
CHARGED CAN NOT BE EXCLUDED
#ONCLUSIONS
!BSORPTION  566IS  SPECTROSCOPY  STUDIES  ON  COLLOIDAL  GOLD 
AQUEOUS SOLUTIONS AND INVESTIGATIONS BY TRANSMISSION ELECTRON 
MICROSCOPY  4%-	  PROVIDE  AN  INSIGHT  INTO  THEIR  PARTICULATE 







OF  THE PARTICLES WHILE  THE WIDTH OF  THE  ABSORPTION BAND  IS 
CORRELATED WITH THE POLYDISPERSION TYPE OF THE SYSTEMS
&ROM  OUR  EXPERIMENTAL  DATA  IT  CAN  BE  INFERRED  THAT  THE 
PROTEIN IS ADSORBED ON GOLD NANOPARTICLES AND FORMS A STABLE 
PROTEIN  LAYER  IN  COLLOIDAL  AQUEOUS  SOLUTIONS  4HE BINDING OF 










#HEMISTRY  AT  THE  "ABES"OLYAI  5NIVERSITY 
OF  #LUJ.APOCA  2OMANIA	  (IS  AREA  OF 
RESEARCH  INCLUDES  COMPUTER  CHEMISTRY 
QUANTUM  CHEMISTRY  CHEMOMETRY	 
MACROMOLECULES  PHYSICAL  CHEMISTRY  OF 
SURFACES NANOSCIENCES COLLOIDAL GOLD	
$R  'HEORGHE  4OMOAIA  -$ 















THE  PHYSICAL  CHEMISTRY  AND  BIOPHYSICS 
OF  COLLOIDS  AND  INTERFACES  AND 
INVESTIGATIONS  BY  ,ANGMUIR"LODGETT  TECHNIQUE  AND  ATOMIC 
FORCE  MICROSCOPY  OF  NANOSTRUCTURED  MATERIALS  INCLUDING 
NANOPARTICLES OF GOLD
$R  4RAIANOS  9UPSANIS  IS  !SSOCIATE 
0ROFESSOR  OF  "IOCHEMISTRY  IN  THE 
$EPARTMENT  OF  #HEMISTRY  AND  $IRECTOR 
OF  THE  "IOCHEMISTRY  ,ABORATORY  AT  THE 






OF  0HYSICAL  #HEMISTRY  4HERMODYNAMICS 
AND  "IOPHYSICS  AND  $IRECTOR  OF  THE 
0HYSICAL  #HEMISTRY  #ENTER  AT  THE 
"ABES"OLYAI  5NIVERSITY  OF  #LUJ.APOCA 
2OMANIA	  (ER  RESEARCH  INTERESTS  ARE 
FOCUSED  ON  WIDE  PHYSICAL  CHEMISTRY 
TOPICS THERMODYNAMICS MOLECULAR STRUCTURE BIOPHYSICS AND 
KINETICS AS WELL AS ON COLLOID AND SURFACE CHEMISTRY INCLUDING 
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